The total population of newly synthesized 3P-AMP-rich RNA has been separated into two major types based on repeated fractionation on methylated albumin-kieselguhr columns. The purified D-RNA which elutes, under our experimental conditions, 17, 20, 28, 39) . In addition, 8) showed that a significant amount of rapidly labeled RNA of animal cells was not eluted from MAK columns by the salt gradient. This type of RNA which remains tightly bound to MAK columns is present in a number of plant systems (9, 16, 17, 39).
cent. The purified TB-RNA which preferentially remains bound to the column in the salt gradient has a GMP/AMP ratio of about 0.4 to 0.45 and an AMP + UMP content of about 65 mole per cent. In addition to being distinguished by their fractionation on the methylated albumin-kieselguhr column and base composition analysis, purified D-RNA and TB-RNA have different size distributions on sucrose gradient and acrylamide gel fractionation, are differentially associated with polyribosomes and have different stabilities in the tissue.
In some early studies on RNA metabolism in plants (13) we described an RNA fraction of soybean which was labeled with "P-orthophosphate at a rate of least twice that of rRNA, which was polydisperse sedimenting in the range of 1OS to greater than 50S on sucrose gradient analysis, which had a short halflife relative to rRNA and which had a base composition giving a GMP/AMP ratio of about 0.6 similar to the dGMP/dAMP ratio of soybean DNA. This fraction of RNA was termed DNA-like or D-RNA' based on the similarity to soybean DNA in base composition and because similar rapidly labeled RNAs in animal cells have been referred to as D-RNA (4, 37) . A relatively small fraction of the D-RNA was isolated in association with polyribosomes (26) . Since soybean D-RNA was described (13) , a large number of laboratories have described similar types of rapidly labeled, AMP-rich RNAs in plants (3, 9, 16, Tables II and III and Figures 3 and 4 ; MAK: methylated albumin-kieselguhr; FU: 5-fluorouracil; G/A: GMP/AMP ratio; SLS: sodium lauryl sulfate. 17, 20, 28, 39) . In addition, Ellem and co-workers (7, 8) showed that a significant amount of rapidly labeled RNA of animal cells was not eluted from MAK columns by the salt gradient. This type of RNA which remains tightly bound to MAK columns is present in a number of plant systems (9, 16, 17, 39) .
In this paper we report on the further characterization of AMP-rich RNAs of soybean, and to a lesser extent carrot, and show that there are at least two distinct classes of AMP-rich RNAs present in short time labeled 'P-RNA. These can be distinguished from each other and from precursors to rRNA based on fractionation on the MAK column, base composition analysis, acrylamide gel fractionation, and sedimentation on sucrose gradients. Preliminary evidence indicates that these two types of AMP-rich RNA have very different half-lives and are differentially associated with polyribosomes.
MATERIALS AND METHODS
Soybean seedlings and carrot discs were prepared as previously described (13, 20) . The tissue slices were incubated in 50 jug/ml chloramphenicol and after a preincubation of 2 hr, unless otherwise stated, were labeled with carrier-free 'P-orthophosphate (usually 2 mc per 10 g tissue in 20 ml). RNA was extracted as previously described (13, 21) . Acrylamide gel fractionation of the RNA was accomplished using the methods of Loening (29) . MAK columns were prepared and run essentially as described by Mandel and Hershey (30) , except that albumin with a higher degree of methylation was used with different salt gradients. Details of experiments will be presented with the data.
After the salt gradient was completed, the RNA remaining bound to the MAK column (crude TB-RNA) was eluted by "stripping" the column with 0.5% SLS. The bulk of the RNA was eluted in a 15 ml volume after a bed-volume of SLS was passed through the column. About 2 mg of carrier rRNA were added to the 15 Base composition analyses were made of the D-RNA and TB-RNA fractions from each of the three cycles of MAK column fractionation. The analyses were made on KOH hydrolysates (0.3 M for 18 hr at 37 C followed by addition of perchloric acid to pH 3.5) of the RNA by electrophoretic separation of the four nucleotides (2 hr; 1000 v, pH 3.5 ammonium acetate buffer). The nucleotides were located using a UV lamp; the four quenching areas were cut out and added to scintillation vials containing 10 ml of the toluene-PPO-dimethyl POPOP solution. The base composition of each sample was calculated as mole per cent from the distribution of 32p in the four nucleotides (13) .
RESULTS
In most of the experiments which follow, FU was used to depress rRNA synthesis resulting in the bulk of the 32P-RNA being of the AMP-rich type (17) . The FU treatment causes this pattern of RNA synthesis without impairing many biological functions which are dependent upon continued RNA synthesis in several plant systems which have been studied (2, 18, 19, 20, 27) .
The primary fractionation of the D-RNA from the 25S rRNA was accomplished as illustrated in Figure 1 . As the 18S rRNA was eluting (arrow off) the salt gradient was maintained at that concentration (about 0.9-0.95 M NaCl) until the 25S rRNA was eluted (arrow on); then a new linear salt gradient was initiated. In this way the normal shoulder in the 25S The 32P-TB-RNA fraction from 2 hr-labeled control tissue was fractionated with carrier rRNA on 2.4% gels at 6 ma/gel for 3 hr. Table II. region (17), which represents primarily aggregated 18S and 25S rRNAs on an absorbance basis (14) , and the 32P-labeled D-RNA were separated from the majority of the 25S rRNA. Additionally, this fractionation shows that the 32P-D-RNA is not specifically associated with the major portion of the shoulder of aggregated rRNA as has been suggested by some investigators (16); rather the 3P-labeled D-RNA appears to be associated with the trailing absorbance component of this fraction (note specific activity at absorbance peak and count peak). Normally when crude D-RNA was to be purified by refractionation on MAK columns, a 1.2 M NaCI wash was added at the "arrow on" to elute the crude D-RNA fraction in a small volume. The TB-RNA fraction was then eluted with 0.5% SLS. Data presented in Figure 2 show that the crude TB-RNA fraction of 2 hr-labeled control tissue (i.e., without FU) contains considerable 18S and 25S rRNAs in addition to the polydisperse AMP-rich RNA. About 15% of the rRNA remains bound to the MAK column under our experimental conditions. The depression by FU of total 32P-labeled crude TB-RNA (17) results primarily from the inhibition of rRNA accumulation in the fraction. So base composition analyses of the crude TB-RNA fraction from control tissue would be significantly affected by contaminating rRNA (which has a G/A ratio of about 1.25) until further purified.
The data of Table I show Thus the 3P-RNA originally eluting as D-RNA continues to preferentially elute with salt in the D-RNA region while the TB-RNA fraction continues to preferentially remain bound to the MAK column and to require SLS for elution; there appears to be no complete resolution of these fractions on MAK columns, but the redistribution data of each fraction suggests that the major 3P-RNA component of each fraction differs significantly from the other.
Base composition analyses of the D-RNA and TB-RNA fractions from the MAK columns, which gave the 32P-RNA distributions reported in Table I, are presented in Table II . The D-RNA fraction reached a constant base composition after two cycles through the column with about 56 mole per cent Figure 2 . The count profiles are representative of a composite of three independent fractionations of three different preparations of purified D-and TB-RNA without considering minor slice to slice variation (100 slices of 0.8 mm each were counted per gel).
A + U and a G/A ratio of about 0.8. The TB-RNA fraction appears to be approaching a constant base composition after three cycles through the MAK column reaching a G/A ratio of about 0.45 to 0.50 for purified TB-RNA.
The purified 32P-labeled D-RNA and TB-RNA samples (i.e., after three cycles through the MAK column) were fractionated by polyacrylamide gel electrophoresis (Fig. 3) and sucrose gradient centrifugation (Fig. 4) . Both samples gave a gel profile distribution of great heterogeneity relative to molecular size, but the purified D-RNA was of a larger average molecular size. As on gels, the purified D-RNA sedimented on sucrose gradients with values ranged from about 10S to greater than 60S, with some 'P-RNA being pelleted. On the other hand the purified TB-RNA sedimented over a much narrower range with a rather broad band peaking at about 1 6S to 1 8S. As with base composition analyses and MAK column fractionation, the purified D-and TB-RNAs represent different populations of RNA molecules based on acrylamide gel and sucrose gradient fractionation.
Base composition analyses (Table III) The data of Table IV show that carrot D-and TB-RNAs purified by fractionation through two MAK column cycles are similar in base composition to purified D-and TB-RNA of soybean. The two fractions of carrot RNA are also clearly different based on their base composition analyses.
In order to evaluate the relative contribution of D-RNA and TB-RNA (defining these components as those fractions purified through three cycles of MAK columns and having G/A ratios Figure 3 were fractionated on 5 to 20% linear sucrose gradients containing 10 mM sodium acetate buffer, pH 6. Centrifugation was for 12 hr at 23,000 rpm in a Spinco type SW25 rotor. One-half ml fractions were collected. Gradients using different buffers and various additives yielded results similar to those reported for the acetatebuffered gradients. Although "chase experiments" are practically impossible to perform in tissues of this type (13) , attempts were made in this direction. The tissue was labeled with 'P-orthophosphate for 30 min; the tissue was then surface washed and placed in a 10 mM KHSPO (pH 6.0) buffer containing 10 jug/rml actinomycin D. Under these conditions 32P-RNA accumulates at a steadily decreasing rate for about 1 hr followed by a decrease in total 32P-RNA (13) . The amount of 3P-RNA eluting in the D-and TB-RNA regions from MAK columns and the respective base compositions were determined. The data were sufficient only to conclude that the TB-RNA has a half-life of 1 hr or less while the D-RNA has a half-life of about 4 hr. The values certainly are adequate to distinguish between D-RNA and TB-RNA. The composite value from these experiments for D-and TB-RNA is in agreement with the value previously reported for the total AMP-rich RNA of soybean (13) .
Preliminary results on the association of D-and TB-RNA with polyribosomes are presented in Table VI . It was previously shown that a relatively small amount of the AMP-rich RNA (D-RNA) of soybean was polyribosome-associated (26) . The data of Table VI show that the major proportion of the AMP-rich RNA associated with polyribosomes is of the purified D-RNA type. Certainly the polyribosome-associated 2P-RNA is greatly enriched in D-RNA relative to TB-RNA compared to the total 'P-AMP-rich RNA.
DISCUSSION
The data presented here show that there are at least two distinct types of rapidly labeled, AMP-rich RNAs in soybean Table VI . Associationi of AMP-rich RNA with Polyribosomnes Soybean hypocotyl was labeled for 45 min after a 6-hr preincubation in the presence of 50,iM 2,4-D and FU. 2,4-D was used in these experiments in order that a much larger percentage of the ribosomes would be present as polyribosomes. 2,4-D alters the distribution of 32P-RNA present as D-or TB-RNA when compared to control tissue (see Table V ). 32P-RNA was prepared from total tissue and from polyribosomes isolated from comparable tissue; the RNA was then fractionated on MAK columns, and the total 32P-RNA (cpm) and base composition analyses were made on the crude D-RNA and TB-RNA fractions. The crude TB-RNA fraction from polyribosomes clearly contains RNA representative of D-RNA (No. 3, Table 11 ) and not of TB-RNA (No. 3, Table II ). Further the distribution of the polyribosome AMP-rich RNA between the crude D-and TB-RNA fractions is that expected of purified D-RNA (see Table I ). The base composition is reported for polyribosome-associated 32P-RNA of carrot discs following a 20 min exposure to 32P-orthophosphate at which time all of the 32P-RNA is of the polydisperse type (14) (16) . These half-life differences might also represent species differences. In contrast to soybean, Johri and Varner (16) The apparent association of D-RNA (in our experiments) and of RNAs similar in base composition from other systems with polyribosome preparations has been observed in several studies of plant ribosomes (16, 26, 28) . The specificity of this association has not been adequately assessed in these studies.
While it appears highly probable that the polyribosome-associated D-RNA is in fact mRNA, work with polyribosome-associated, short time labeled RNAs and ribonucleoprotein particles in animal systems (1, 11, 12, 15, 22, (32) (33) (34) points out the difficulty in interpreting such data. In addition our data show an enrichment of D-RNA relative to TB-RNA in polyribosome preparations relative to total tissue of both soybean and carrot. The data in fact are suggestive that TB-RNA may not normally be polyribosome-associated. Based on the extraction properties of this AMP-rich RNA (13) and the unique nuclear RNAs of animal cells (4, 36) , it may well be that the TB-RNA is in the nuclear fraction in plants. There are several recent reports of adenine-rich clusters in RNAs of animal cells (5, 6, 10, 24, 25, 33) . Although the significance of this component is unknown, Sussman (38) recently suggested a role for nontranslated portions of mRNA in controlling the translation process and others have similarly speculated about the function (5, 6, 33) . Experiments are underway to evaluate the possible presence of adenine-rich clusters in soybean AMP-rich RNAs by the methods of Lim and Canellakis (24, 25) and of Lee et al. (33) . Preliminary results indicate the presence of AMP-rich clusters in soybean polyribosomal RNA similar to those reported by Lim and Canellakis (24, 25) for reticulocytes.
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